Background and Purpose. It is unknown how cognitive impairment affects the reliability of Timed "Up & Go" Test (TUG) scores. The aim of the present study was to investigate the expected variability of TUG scores in older subjects dependent in activities of daily living (ADL) and with different levels of cognitive state. The hypothesis was that cognitive impairment would increase the variability of TUG scores. Subjects. Seventy-eight subjects with multiple impairments, dependent in ADL, and living in residential care facilities were included in this study. The subjects were 84.8Ϯ5.7 (meanϮSD) years of age, and their Mini-Mental State Examination score was 18.7Ϯ5.6. Methods. The TUG assessments were performed on 3 different days. Intrarater and interrater analyses were carried out. Results. Cognitive impairment was not related to the size of the variability of TUG scores. There was a significant relationship between the variability and the time taken to perform the TUG. The intraclass correlations were greater than .90 and were similar within and between raters. In repeated measurements at the individual level, an observed value of 10 seconds was expected to vary from 7 to 15 seconds and an observed value of 40 seconds was expected to vary from 26 to 61 seconds for 95% of the observations. Discussion and Conclusion. The measurement error of a TUG assessment is substantial for a frail older person dependent in ADL, regardless of the level of cognitive function, when verbal cuing is permitted during testing. The variability increases with the time to perform the TUG. Despite high intraclass correlation coefficients, the ranges of expected variability can be wide and are similar within and between raters. Physical therapists should be aware of this variability before they interpret the TUG score for a particular individual.
V arious assessments of physical mobility and movement strategies are used in geriatric rehabilitation. Whether the purpose is screening, detecting a change in ability, or making predictions, methods that yield valid and reliable data are essential. In addition, when older people with cognitive and physical disabilities are assessed, it is also particularly important for the methods used in measurement to be applied easily.
The Timed "Up & Go" Test (TUG) 1 is a simple and inexpensive method that was developed to screen basic mobility. The TUG comprises basic everyday movements: stand up from a chair, walk 3 m, turn around, walk back, and sit down again. The outcome is the time taken to perform this sequence of movements. Within research, the use of the TUG has increased over the last few years, and it is recommended by the British Geriatrics Society, the American Geriatrics Society, and Nordic geriatricians when screening for risk of falling. 2, 3 The TUG is reported to yield reliable and valid data for use in older people. 1,4 -12 However, studies that have evaluated the reliability and validity of TUG scores have included mainly medically stable subjects with good or only mildly affected cognitive functions. To our knowledge, only 2 studies 13, 14 have attempted to evaluate the effect of cognitive dysfunction on the performance of the TUG. Rockwood et al 13 found poor test-retest reliability; however, because the time interval between the measurements was 112Ϯ72 (meanϮSD) days, this issue cannot be said to have been explored correctly. Thomas and Hageman 14 found excellent test-retest reliability; however, their sample of 9 subjects seems to be too small to draw conclusions regarding reliability. Therefore, it is still not known how the presence of cognitive impairment affects the reliability of TUG scores.
There is some support for the notion that cognitive impairment could have a negative influence on the reliability of geriatric assessments in older nursing home residents. 15 There is a known correlation between cognitive function and gait. Slower walking speed, decreased step length, increased double-support ratio, and step-to-step variability have been found more often in people with cognitive impairment than in older adults who are healthy. 16, 17 This finding could be explained by a deterioration of cerebral integration and processing of sensory (visual, vestibular, and proprioceptive) information. 16, 17 Accordingly, cognitive impairment may result in increased variability in repeated measures of TUG assessment, as this test requires an understanding of the instructions as well as an interaction among the patient, the assessor, and the environmental setting.
There is always some variability in repeated measurements; this variability depends on the person being measured, on the assessor who does the measuring, and on the precision of the instrument. 18, 19 This variability can represent systematic bias (learning or fatigue effects on the test) or random error attributable to inherent biological or mechanical variations. Reliability can be considered to be the amount of measurement error that has been judged to be acceptable for the valuable use of a measurement tool, 20 and the determination of reliability is a clinical decision based on evaluations that include statistical analyses. Consequently, it is important that the users of the tool be provided with the results of the evaluations so that they can make decisions appropriate for their purposes.
Reliability can be quantified as either relative or absolute. Relative reliability examines the relationship between the scores of 2 or more measurements obtained by the same method. Absolute reliability examines the variability of these measurements. 19 Many studies that have evaluated methods of measurements have presented only relative reliability with an intraclass correlation coefficient (ICC), 5, 9, 13, 14 and it is assumed that a coefficient of nearly 1.00 corresponds to excellent reliability. 19 However, on the basis of this type of analysis alone, it is impossible for a clinician to know what variability to expect for a particular patient and to decide whether a change in a score represents a real change in a patient's condition. For this purpose, the results of an evaluation must be presented in the same units as the measurement or as a proportion of the measured value, that is, in terms of absolute reliability. Analyses of absolute reliability can provide a range in which a patient's "true" value is expected to be found, as well as another range, to be used in repeated measurements, in which the value is expected to vary from one test occasion to another. These ranges represent the measurement error for a particular patient and can, depending on the chosen level of confidence, be presented as valid for about two thirds (68%) of the patients or for almost all (95%) of the patients. 19, 20 The quality of measures is of fundamental importance. In clinical assessments, professionals should have knowledge of the expected variability of scores obtained from the instrument in question. Accordingly, when a single TUG score is obtained, health care professionals must be aware that the patient's true value is within a range above and below the measured value and that the expected range will be wider in a test-retest situation. This range can differ from one population to another. Thus, whether the expected range is influenced by cognitive impairment must be evaluated.
The aim of the present study was to investigate the expected variability of TUG scores in older subjects dependent in ADL and with different levels of cognitive state. The hypothesis was that cognitive impairment would increase the variability of TUG scores.
Method

Settings and Participants
In Sweden, older people living in residential care facilities are disabled as a result of cognitive or physical impairments or both; in addition, they require supervision, functional support, or nursing care. Participants in this study were people aged 65 years or older and living in 9 different residential care facilities located in Umea, a city in northern Sweden. Of the 487 screened subjects, 78 met the inclusion criteria: Mini-Mental State Examination (MMSE) 21 scores of Ն10; dependence in 1 or more personal ADL, according to the Katz index 22 ; and eligibility and ability to perform the TUG without personal physical assistance on 3 occasions within 7 days.
The characteristics of the 78 participants are shown in Table 1 . Sixty-two percent were women, and the mean age was 84.8 years. The mean MMSE score was 18.7 points. As indicated by the suggested classifications, 23 19 participants had no cognitive impairment, 23 had mild impairment, and 36 had severe impairment. According to the Barthel Index, 72 of them were dependent when taking a shower or bath, 38 of them were totally or partly dependent when getting dressed, and 7 required assistance when eating. In addition, there were wide ranges of balance abilities and of walking speeds. The great ўўўўўўўўўўўўўўўўўўўўўўў majority of participants were independent walkers indoors, and more than half normally used a walking aid.
Assessments
Assessments were made by 12 physical therapists working within the study and 8 physical therapists employed by the local authority with responsibilities for the different facilities. The methodological framework was considered in order to create optimal conditions for the evaluation. Before baseline assessments, a physical therapist with long experience using the TUG in older people (EN) gave all physical therapists involved in the testing procedures both verbal and written instructions based on the original description of the TUG assessment, 1 complementary directives for the start and stop of timing, 5 and instructions to record possible verbal cuing. All physical therapists performed trial assessments. This training was done in 1 session for the study physical therapists and in another session for the physical therapists employed by the local authority. The physical therapists also were introduced to and practiced administering the other instruments used in the present study to describe a participant's state: MMSE to estimate the participant's cognitive state, 21 the Berg Balance Scale, 24 a 2.4-m self-paced walk to assess balance and ambulation, 25, 26 and the Barthel Index 27 to screen for dependence in ADL.
The MMSE 21 is a screening tool that includes 11 questions in 6 sections, each representing a different cognitive domain or function (orientation, registration, attention and calculation, recall, language, and copying). The maximum score is 30. A score of 23 points or less has been considered to be evidence of cognitive impairment, scores between 18 and 23 points indicate mild impairment, and scores of 17 or less indicate severe impairment. 23, 28 We chose a cutoff for MMSE scores of Ն10 for inclusion in the study. Our reason for using this criterion was based on our clinical experience that people with very low MMSE scores have difficulties in following instructions. This reasoning also was in accordance with the findings of Mozley et al, 29 who reported this level to be important for the ability to communicate and interact in a meaningful way.
In order to present a more complete clinical description and understanding of the studied sample, the functional capacity of the subjects was assessed by use of the Berg Balance Scale, analysis of gait speed, and the Barthel Index of ADL, and their medical state was assessed by recording of diagnosis and prescribed drugs. The Berg Balance Scale is a measure of balance; it contains 14 different items, including sitting, standing with different bases of support or with eyes closed, turning, and picking an object up from the floor. 24 The maximum score is 56, indicating good balance abilities for an older person. Gait speed (in meters per second) was measured by use of a stopwatch and a 2.4-m walk at a speed comfortable for the participants. 25, 26 Participants were instructed to start from standing, using their ordinary walking aid, and to walk to a goal approximately 4 to 5 m away. The distance of 2.4 m was marked discretely with tape on the wall. In addition, the physical therapists interviewed the staff at the facilities with regard to the residents' ADL according to the Barthel Index. This instrument measures the degree of independence in 3 categories of everyday living: self-care (washing and showering, dressing, eating, and toilet visits), continence of bowel and bladder, and mobility (transfer to and from a chair, toilet, and a tub or shower; walking indoors; and climbing stairs). The maximum score of 20 indicates independence in personal ADL. 27 A registered nurse at each facility completed a questionnaire regarding diagnosis and prescribed drugs. This questionnaire was reviewed by a specialist in geriatric medicine before completion of the diagnosis.
The residents participated in 3 test sessions of TUG on different days, all within 1 week: TUG A (day 1), TUG B (day 2), and TUG C (day 3). To avoid any change that might normally occur in a frail subject over a day, for example, as a result of medication or food intake, each session of TUG assessment was carried out at approximately the same time of day as the preceding session for that subject. The study physical therapists assessed TUG A and TUG B (intrarater reliability), and the local authority physical therapists assessed TUG C (interrater reliability). With this procedure, multiple paired observations were made.
In accordance with the directions given by Podsiadlo and Richardson, 1 the TUG was performed twice in each test session, that is, 1 trial and 1 timed performance, with only a brief seated rest in between. The physical therapist first demonstrated how to perform the TUG and then instructed the participants to stand up from a chair, walk 3 m at a comfortable speed, cross a line on the floor, turn around, walk back, and sit down again. An armchair of standard height, approximately 45 cm, was used. The starting position was sitting with the back against the chair back, with arms resting on the arm support of the chair, and with the walking aid near at hand. Participants wore their usual indoor footwear and chose whether to use their walking aid when performing the TUG. No personal physical assistance was allowed. The physical therapist either was standing next to the chair or accompanied the participant if required for reasons of safety, such as in the case of gait difficulties. In the case of a slight hesitation from the participant on how to proceed with the TUG, the physical therapist gave additional verbal cuing, such as "turn around" or "sit down." The use of verbal cuing during the test was recorded in the test protocol as present or not present. The TUG was timed with an ordinary stopwatch. The start and stop of timing were fixed firmly. Timing started when the participant's back was no longer in contact with the back of the chair. Timing stopped when their buttocks touched the seat of the chair again. The result, in seconds to 1 decimal place, was recorded.
The results of different test sessions were recorded on separate documents. Physical therapists were unaware of the previous results. The information transferred was limited to date and time of the previous test session as well as what kind of walking aid, if any, was used in TUG A. The same walking aid was used for all test sessions. The residents were given written and oral information about the study. The participants or their proxies, when appropriate because of cognitive impairment, gave their consent for participation.
Data Analysis
The differences in times for TUGs between test sessions were calculated by subtracting the TUG B score from the TUG A score (intrarater reliability) and by subtracting the TUG C score from the TUG A score (interrater reliability). These calculations would result in a negative time difference if the second performance (TUG B or TUG C) were slower than performance on TUG A and a positive difference if it were faster. The distribution of TUGs and the difference in times between TUGs were skewed; therefore, the data were transformed logarithmically before any further analyses.
Linear regression analysis was used to evaluate the effect of cognition on the difference in times between TUGs. The dependent variables were the difference between TUG A and TUG B for intrarater analyses and the difference between TUG A and TUG C for interrater analyses. The independent variables were the MMSE score and the MMSE score dichotomized (cutoffs between 17 and 18 and between 23 and 24). Analyses were done with and without adjustments for TUG A. The rationale behind the adjustment was that the time needed to perform the TUG was considered to be a possible confounder for the difference between 2 TUG performances.
Logistic regression analysis was used to evaluate the effect of cognitive function in the presence of verbal cuing given during the performance of the TUG. The dependent variable was verbal cuing (yes or no), and the independent variable was the MMSE score. Analyses were done with and without adjustments for the TUG score because the time needed to perform the TUG was considered to be a possible confounder for verbal cuing.
The reliability of TUG scores was analyzed by use of TUG A and TUG B for analyses within raters and TUG A and TUG C for analyses between raters. We chose to present the results of both relative reliability and absolute reliability. 18 -20 The relative reliability was analyzed by use of 2 different models of the ICC with a 95% confidence interval (CI). 30 With ICC(1,1), it is assumed that all error is random measurement error. With ICC(3,1) , it is assumed hat systematic error is not part of the measurement error. No systematic error is present when ICC(1,1) equals ICC(3,1). 31 We calculated ICC(1,1) with a 1-way random-effects model for a single measure, and ICC(3,1) was calculated with a 2-way mixed model for a single measure. The absolute reliability was analyzed by use of the within-subject standard deviation (S w ) as described by Bland and Altman. 32, 33 The first step was to verify the distribution of the data by plotting the difference between 2 TUG measures against their mean. We found a relationship between the measurement error and the magnitude of the TUG scores; that is, heteroscedasticity was present (Fig. 1) . In such a case, logtransformed data are used in the analyses. 20, 32, 33 The S w then was obtained from the square root of the within- ўўўўўўўўўўўўўўўўўўўўўўў subject residual mean square of a 1-way analysis of variance. The next step was to back-transform (antilog) this S w value to the natural scale. The result was a ratio (antilogS w ) that was used to calculate the variability of the TUG scores. Multiplying on the natural scale is equivalent to adding on the log scale, whereas dividing is equivalent to subtracting. 33 The difference between a subject's measurement and the true value would be expected to be less than antilogS w 1.96 for 95% of the observations. The difference between 2 measurements for the same subject would be expected to be less than antilogS w 2.77 for 95% of pairs of observations. Finally, to estimate the true value from the expected variability on either side of any observed value, the observed value was divided (lower bound) and multiplied (upper bound) by antilogS w 1.96 . Likewise, to estimate repeatability (testretest), the observed value was divided and multiplied by antilogS w 2.77 . 32, 33 The Statistical Package for the Social Sciences (SPSS), version 11.0,* was used for statistical analyses. The level of significance was set to PϽ.05.
Results
The TUG A, TUG B, and TUG C assessments were made within 5 days in 83% of the cases, and the remainder were made within 7 days. On average, there was a 1-hour difference between the time of day when TUG B and TUG C were carried out and the time of day when TUG A was carried out.
The time needed to perform the TUG ranged from 9.8 to 109.2 seconds. The distribution was skewed, with a mean and a median of approximately 30 and 25 seconds, respectively. The results are shown in Table 2 .
Effect of Cognition
Analyses of the differences in times between TUGs were carried out with and without adjustments for the time needed to perform TUG. Figure 1 shows a plot of the mean difference (in seconds) between TUG A scores and TUG B scores before log transformation.
The antilogS w 1.96 within raters was 1.3507, and that between raters was 1.3488; the antilogS w 2.77 within raters was 1.5164, and that between raters was 1.5135. These values were used to calculate the upper and lower bounds of the expected variability for any observed value. For example, the expected true value for a person who performs the TUG in 20 seconds is (20/1.3507)ϭ14.8 seconds for the lower bound and (20ϫ1.3507)ϭ27 seconds for the upper bound; for a TUG performed in 30 seconds, the lower bound is 22.2 seconds and the upper bound is 40.5 seconds, and for a TUG performed in 60 seconds, the lower bound is 44.4 seconds and the upper bound is 81 seconds. Consequently, the expected ranges * SPSS Inc, 233 S Wacker Dr, Chicago, IL 60606. Figure 2 and Table 3 . The variabilities within raters and between raters were similar (interrater data not shown in Fig. 2 ).
Discussion
The present study showed that despite high ICCs, the measurement error of TUG was substantial at the individual level for older people dependent in ADL and living in residential care facilities. No connection was found between the difference in times between 2 TUG performances and the level of cognitive function when verbal cuing was permitted during testing. Instead, we found a relationship between this difference and the time needed to perform the TUG. Thus, our hypothesis that cognitive impairment would increase the variability of TUG was falsified in this group of older subjects with multiple impairments. The participants with slower TUG performance also were more likely to be cued during their TUG performance. Lower cognitive functioning was related significantly to cuing only on the third test occasion (TUG C). The measurement errors within raters and between raters were similar, and no systematic error was seen in the measurements.
Older people living in residential care facilities are often frail. They have multiple diagnoses, their intake of medications is high, they lack general strength, and they are susceptible to sickness and disease. This multisystem involvement most certainly provides sources of variability and can be attributed to a condition of unstable disability or frailty.
Campbell and Buchner described frailty as "a condition or syndrome which results from a multisystem reduction in reserve capacity to the extent that a number of physiological systems are close to, or past, the threshold of symptomatic clinical failure." 34(p315) Frailty is considered to be the root cause of unstable disability. 34 Movement involves an interaction between multiple systems, such as sensory input, neuromuscular function, and cognitive processes, and requires an ongoing adaptation to tasks and environment, anticipation, and planning. Despite the fact that the TUG consists of basic everyday movements, its various components can be complicated.
First, to be able to rise from a sitting position to a standing position requires both strength and technique. Walking a path for 3 m includes both acceleration and deceleration as participants prepare for a turn. The turning sequence is challenging for older people with balance disorders. 35 Finally, turning around to sit down challenges both balance and orientation in adapting the body position to the chair. It has been suggested that a within-subject variation of 15% may be considered acceptable when repeated measurements of physical performance are obtained for young subjects who are healthy 36 as well as middle-aged people with neck or back pain symptoms and middle-aged people who are healthy. 37, 38 An individual patient variability of up to 25% has been found for gait speed in patients 2 to 6 years after stroke. 39 Our participants had an even higher degree of variability. This variability could be a consequence of the participants' high degree of unstable disability and the combination of numerous sequential movements in the TUG.
The ICC is strongly affected by the range of scores used to calculate the coefficient; ICC is high when the difference in scores between measurements is small in comparison with the range of scores between the studied Expected variability for 95% of the observations for a frail older subject dependent in activities of daily living and performing the Timed "Up & Go" Test (TUG). On the basis of the observed values, the expected variability for a single measure will be within the range of the lower and upper bounds illustrated by the solid line. For repeated measures, it will be within the range of the upper and lower bounds illustrated by the broken line. , can be used to calculate the expected variability of any observed value, as described in the "Results" section, for a frail older person dependent in ADL and living in a residential care facility. The exact level of acceptance for measurement errors seems to be impossible to state. It depends on the purpose of the measurement; therefore, determination of the reliability of a measurement is a clinical decision. Conclusions regarding assessments cannot be made without knowledge of the expected range of variability of scores for the TUG or any other instrument.
For clinical individual-based interpretation of an intervention, the results should exceed the boundaries of variability found in the present study to be interpreted as a true change. As an example, we can apply our findings to an individual patient who performs the TUG in 50 seconds. We can expect this person's true value to be somewhere between 37 and 67.5 seconds for a single measurement. If our intention is to use the TUG measure before treatment and after treatment for this subject, the final assessment would have to be under 33 seconds in order to be interpreted as a true positive change or above 75.8 seconds to be interpreted as a true negative change. The size of this range is so wide that it would seem impossible to expect such an improvement for a person who requires this amount of time to perform the TUG. Thus, the use of the TUG for the evaluation of treatment of an individual patient, regardless of the cognitive level, is questionable when the performance is slow. However, the TUG still could be used to provide a description of the patient's ability, indicated by the time needed to perform the TUG.
The TUG is easily applicable even for a person with cognitive impairment. We allowed and recorded additional verbal cuing during TUG performance, as we assumed that some subjects with cognitive dysfunctions would need such cuing. Instead, we found that it was participants with slower TUG performance who were more likely to be cued at the first 2 sessions. It was not until the third test session that cognitive function, as measured with the MMSE, was related independently to the presence of verbal cuing. Therefore, despite the fact that participants were tested for the third time within 1 week, those with lower cognitive functions lacked recognition of the situation, whereas participants with higher cognitive levels, at that time, most likely gave an impression of confidence in performing the TUG.
The TUG has been recommended as a screening tool for identifying older people who are at risk for falling. 2, 3 The TUG times from 13 to 16 seconds have been reported as cutoff values for predicting falls in community-dwelling older people. 42, 43 With regard to our findings of variability, it seems to be difficult to state a fixed time limit as a cutoff between a person who is at risk for falling and a person who is not at risk for falling when the TUG is used at an individual level in a population of frail older people dependent in ADL and living in residential care facilities. Even with a fast TUG performance of 10 seconds, the expected true value could be within a range of 7.4 to 13.5 seconds. The causes of falls are a complex phenomenon, and the characteristics of our participants reveal that, in many ways, they are at high risk of sustaining falls. Therefore, the usefulness of a certain cutoff for the TUG could be questioned, but this notion warrants further investigation for this population.
A way in which to minimize or stabilize expected variability in physical performance assessments may be to use the mean of several repeated measurements. The mean of 3 repeated measurements of manually timed gait, assessed at the same test session, was reported to represent the highest level of reliability in a frail older population. 44 However, this conclusion was based on ICC statistics. Therefore, the degree of variability remains unknown to the reader, and further studies are warranted.
The methodological framework was considered in order to create optimal conditions for the evaluation. Instructions on how to perform the TUG were thorough, and all physical therapists involved in testing procedures were trained before the assessments. We managed to conduct the retest at approximately the same time as the preceding test. Multiple pairs of therapists made the assessments, and the physical therapists were unaware of the previous results. This strategy acknowledged that the rater is a component of the test and allowed the subjectrater source of variability to influence the results. This strategy reflects the use of the tool in the clinical setting. Thus, our results reflect a combination of instrument errors, tester errors, and true subject variability. We consider these design conditions to be important for the clinical interpretation of TUG performance.
We allowed verbal cuing during TUG performance because, on the basis of our clinical experience, we assumed that a person with cognitive impairment might need such cuing to accomplish the task. Consequently, cuing could be considered to be compensatory for cognitive impairment and thus possibly necessary for the valid use of the TUG for people with cognitive deficits. However, our results revealed that cuing also was given to slow performers and thus may have been used as an encouragement to proceed in the test. The use of "subtle verbal guidance" during TUG assessments in people with dementia has been mentioned by Thomas and Hageman. 14(p22) In contrast, the occurrence of cuing in TUG assessments has not been reported elsewhere; therefore, we do not know whether and to what extent cuing is used in reality. In the present study, we simply recorded whether cuing was present or not; therefore, we cannot provide an exact description of the cues that were actually used. We can conclude only that verbal cuing was sometimes required for the assessment of TUG scores in this population. Whether such cuing affects the validity of TUG scores warrants further evaluation.
We believe that our findings are representative for a population of frail older people with multiple impairments, dependent in ADL, and living in residential care facilities. However, the present study did not include participants with MMSE scores of Ͻ10. Thus, our findings are not applicable to people with MMSE scores of Ͻ10.
Conclusion
The measurement error of a TUG assessment is substantial for frail older people with multiple impairments who are dependent in ADL and living in residential care facilities, regardless of the level of cognitive function, when verbal cuing is permitted during testing. The variability increases with the time needed to perform the TUG. Despite high ICCs, the ranges of expected variability can be wide and are similar within and between raters. Physical therapists should be aware of this variability before they interpret the TUG score for an individual.
